SUMMARY The electrophysiologic effects of intravenously administered propranolol (0.1 mg/kg) on three parameters of sinus node function were examined in ten symptomatic patients with sinus node dysfunction. The patients ranged in age from 26 to 79 years. Symptoms ranged from fatigue to frank syncope. Sinoatrial (SA) block and sinus pauses were observed in one patient; sinus pauses alone were observed in three patients. Five (5/10) patients had intraatrial block; three (3/10) patients had atrioventricular block; four (4/10) patients had an intraventricular conduction disturbance. At the time of electrophysiologic study, two patients had a control spontaneous sinus cycle length that exceeded 1000 msec. Following propranolol, the mean spontaneous cycle length increased by 17.4% THE BRADYARRHYTHMIAS that occur in patients with sinus node dysfunction are thought to reflect disturbances of sinus node automaticity and/or sinoatrial conduction.' The normal interactions between the parasympathetic and sympathetic nervous systems modulate the spontaneous heart rate.' Catecholamines exert a positive chronotropic effect on the sinus node and have also been shown to accelerate conduction in Purkinje fibers with abnormal conduction.4' 6 If catecholamines can also shorten sinoatrial conduction time that is prolonged, then the magnitude of the disturbance(s) of sinus node automaticity and/or sinoatrial conduction could not only be determined by the extent and nature of the cellular disturbance but also by the amount of catecholamines acting at their receptor sites in cardiac cells. Hence the accelerative and restorative effects of catecholamines on sinus node automaticity and sinoatrial conduction may play an important role in determining the magnitude of the electrophysiologic disturbance(s) in patients with sinus node dysfunction. Conversely, a #-adrenergic receptor blocking agent might have marked effects on sinus node automaticity and sinoatrial conduction in patients with sinus node dysfunction. This report examines the electrophysiologic effects of propranolol on three parameters of sinus node function in patients with sinus node dysfunction.
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Methods
Electrophysiologic study was performed in ten patients with symptomatic sinus node dysfunction. The patients' ages ranged from 26 to 79 years. Informed consent was obtained in all patients.
Patients were evaluated prior to electrophysiologic study. History, physical examination and routine laboratory data (924 to 1085 msec, P < 0.005) and spontaneous second degree SA block reappeared in the one patient. The maximum escape cycle ranged from 116% to 229% of the prepacing spontaneous cycle length and was considered to be prolonged in two of ten patients. Propranolol had no significant effect on the maximum escape cycle/prepacing cycle length X 100 (%). The estimated sinoatrial conduction time (SACT) was determined in seven patients and ranged in value from 120 to 238 msec. Propranolol increased the mean value of the estimated SACT from 179 to 213 msec, P < 0.025. Propranolol may cause marked bradyarrhythmias in some patients with sinus node dysfunction, and should be used with caution in these patients.
were obtained in each patient. Each patient was classified according to the N.Y. Heart Association classification. 7 The patients were studied in the Clinical Electrophysiology Laboratory in the resting, nonsedated, postabsorptive state. At the time of study all cardioactive agents had been discontinued for an interval exceeding three drug half-lives. A control solution of 5% dextrose and water was slowly infused through an indwelling catheter placed in a forearm vein. A #6F quadripolar electrode (inter-electrode distance 1 cm) was passed, under fluoroscopic control, via an antecubital vein into the right atrium and positioned so that the proximal electrode pair was at the junction of the right atrium and superior vena cava. The proximal electrode pair was used to pace the atrium. The distal electrode pair was used to record the high right atrial electrogram. A #6F tripolar catheter was passed percutaneously via the right femoral vein to lie across the tricuspid valve and was used to record the His bundle electrogram in seven patients. Signals from atrial and His bundle electrodes were simultaneously displayed on a Hewlett-Packard Multichannel oscilloscope and recorded on FM magnetic tape (3-3/4 ips) and later transferred to paper (100, 200 mm/sec) using an Elema Mingograf 800 recorder. All intervals were measured using a Science Accessories Corporation Grafpen connected to a Digital Equipment Corporation PDP-I 1 computer. Control recordings of spontaneous rhythm were obtained for ten minutes. Electrophysiological intervals shown in table 2 were obtained from ten consecutive cycles obtained during the last minute of the control period. Thereafter, in nine patients programmed premature atrial stimulation was performed as previously described. 4 8 In essence, the stimulation sequence permitted analysis of the effects of variably coupled atrial premature depolarizations (APDs) on spontaneous sinus rhythm. The refractory periods were measured during spontaneous sinus rhythm.
Following the period of premature atrial stimulation another two minute control period was obtained. During the latter part of this period 20 consecutive cycles for determination of the control prepacing spontaneous cycle length (SCL) were obtained. In all ten patients, the atria were paced for 60 sec, at constant cycle lengths of 860, 660, 540, 460, 400 and 353 msec. The intervals between pacing were 60 sec.
Following rapid atrial pacing, the patient's rhythm was allowed to equilibrate for five minutes. During the last minute of this control period 30 consecutive cycles for control pre-propranolol spontaneous cycle length were obtained. Thereafter, 0.1 mg/kg of propranolol was administered in divided doses over a period of 10-20 minutes. Blood pressure was monitored at three minute intervals. Five minutes after the last aliquot of propranolol was administered another 30 cycles for the post-propranolol spontaneous cycle length were obtained. Thereafter premature atrial stimulation and rapid atrial pacing were repeated. This portion of the study was completed within 45 minutes of the time of administration of the last dose of propranolol.
The electrophysiologic intervals shown in table 2 were determined as previously described.4' The responses to premature atrial stimulation were analyzed as previously described. 4 In essence, the last undisturbed sinus cycle (A1AJ), the cycle terminated by the APD (A1A2), the atrial 
CONTROL
The value of the first post-pacing or escape cycle following each pacing period was determined. The maximum value of the escape cycle (EC) expressed as a percentage of the mean value of the prepacing spontaneous cycle length (SCL), was determined for each patient. The statistical significance of the difference in values of the spontaneous cycle length, maximum escape cycle and estimated sinoatrial conduction time determined under control conditions and following administration of propranolol were tested using the paired t-test.10
Results
The clinical characteristics of the ten study patients are listed in table 1. The patients' symptoms ranged from fatigue to frank syncope. All patients had sinus bradycardia. The mean heart rates determined from ECG recordings obtained during the period of hospitalization prior to electrophysiologic study were less than 60 beats/min in seven patients (table 1). Episodes of marked sinus bradycardia (< 40 beats/min) (one patient) and spontaneously occurring sinus pauses (four patients) and sinoatrial (SA) block (one patient) were observed either prior to or during hospitalization. The electrocardiograms from the patient with sinus pauses, sinus arrest and SA block are illustrated in figure 2. Five patients had intra-atrial block; three patients had first or second degree A-V block; four patients had an intraventricular conduction disturbance (tables I and 2).
Electrophysiologic Data under Control Conditions
All of the patients at the time of electrophysiologic study were in sinus rhythm. During the control period only two patients had a spontaneous sinus cycle length that exceeded PROPRANOLOL 0.1 mg/Kg AiA2/AiAi X 100 (%) fig.  3 ). In one patient (#1) with SA block and sinus pauses prior to study ( fig. 2 ) spontaneous second degree SA block reappeared following propranolol administration.
The maximum escape cycle was redetermined following propranolol. The mean value of the maximum escape cycle increased from 150% to 209% of the prepacing cycle length (table 3, fig. 3 ). This change, which was not statistically significant, reflected a large increment seen in four patients. In these four patients, the maximum escape cycle was redetermined following intravenous administration of atropine (0.02 mg/kg). Atropine was administered within 40-50 min of the time of administration of the last dose of propranolol. In these four patients the maximum escape cycles changed from 548, 415, 166 and 165% (propranolol) to 439, 201, 113 and 275% (propranolol and atropine) of the prepacing spontaneous cycle length. In only one of the four patients did the escape cycle return to control values.
The mean value of the estimated SACT increased by 18.4% from 179 to 213 msec (P < 0.025) ( fig. 3) following propranolol administration. The mean cycle length in the corresponding seven patients increased from 970 to 1091 msec. Advanced first degree sinoatrial block was not noted in any patient following propranolol administration (table 3) . Discussion Electrophysiologic evaluation of patients with sinus node dysfunction is often unsatisfactory in the sense that at the time of study in the catheterization laboratory, some of our patients fail to demonstrate electrophysiologic disturbances that were present prior to the period of study; on termination of rapid atrial pacing they may have escape cycles that are not excessively prolonged;4 and very few demonstrate marked disturbances of sinoatrial conduction as detected by the premature atrial stimulation technique.4' 12 The first point is underscored by our first patient who had recurrent episodes of sinus pauses and sinoatrial block and a mean cycle length that was 1432 msec while on the ward and yet at the time of study was in sinus rhythm with a mean cycle length that was less than 1000 msec. An abnormal response to overdrive was noted in only two of our ten patients. No patient demonstrated advanced first degree sinoatrial block. In part, these findings may be explained by the stress of the catheterization procedure that may result in release of stored catecholamines. The increase in amount of catecholamines binding to the 3-adrenergic receptors may serve to blunt the diagnostic accuracy of the techniques used in the electrophysiologic evaluation of sinus node function.
It is for these reasons that we elected to evaluate the electrophysiologic effects of propranolol on three parameters of sinus node function in this group of patients. Propranolol caused a significant increase (17.4%) in mean spontaneous cycle length so that in six of ten patients the mean spontaneous cycle length exceeded 1000 msec and spontaneous second degree SA block reappeared in one pa-tient.
In two different clinical studies, in patients without overt heart disease'3 and in patients with intraventricular conduction disturbances and arrhythmias," following administration of propranolol, mean spontaneous cycle length increased by 16 and 22.5%, respectively. Unexpectedly, the results of these two studies are in keeping with the effects of propranolol noted in this study. Although comparable doses of intravenous propranolol were used (0.1 mg/kg, 10 mg) the patients comprising the study groups may not have been entirely dissimilar since no reference was made to whether or not patients with sick sinus syndrome were excluded from the study population. The increase in mean spontaneous cycle length following propranolol administration is determined by the intrinsic heart rate and the level of para- sympathetic and sympathetic tone. Therefore, the chronotropic response to propranolol might not be markedly different in patients with and without sick sinus syndrome. The development of sinoatrial block following propranolol has been noted in one other patient"' and may be considered partially analogous to the development of atrioventricular block following propranolol administration. The effects of propranolol on sinoatrial conduction in patient #1 can be explained either on the basis of high parasympathetic tone; withdrawal of catecholamine's effects in maintaining intact antegrade sinoatrial conduction; or as a result of a direct membrane effect of propranolol. 16 1 ' The first explanation is unsatisfactory as atropine administration (0.02 mg/kg) increased the frequency of second degree SA block in this patient, presumably secondary to a decrease in sinus cycle length (from 1170 to 920 msec). The last explanation is also considered to be unlikely as propranolol 0.1 mg/kg administered intravenously produced mean plasma concentrations of 13.6 ng/ml (45-60 min following propranolol administration), concentrations that are well below that reported to produce depression of phase 0 tmax and an increase in diastolic membrane resistance.13 [16] [17] [18] Thus the effects of propranolol on sinoatrial conduction in patient #1 can most reasonably be explained on the basis of blocking the supportive effect of catecholamines on sinoatrial conduction. The reasons underlying the failure of propranolol to reproduce the sinus pauses seen in three other patients and the marked bradyarrhythmias seen in patient #6 may be due in part to a) variation in vagal tone; b) differences between the effects of digoxin and propranolol on sinus node function; c) choosing a dose of propranolol that produced inadequate ,B-adrenergic blockage; and d) periods of sinus node ischemia. The first possibility cannot be dismissed lightly as one patient had coexisting sinus node dysfunction and carotid sinus hypersensitivity and two other patients had symptoms while receiving digitalis, which is known to increase vagal tone.", The second possibility cannot be evaluated as the patients were only challenged with propranolol. The third possibility is difficult to evaluate as a dose of 0.15 mg/kg increases the dose of isoproterenol required to cause a 25 beat/min increase in heart rate by a factor of 21.8 to 27.0.20 Thus, 0.1 mg/kg of propranolol would seem to be adequate to block modest concentrations of catecholamines and thereby unmask disturbances of sinus node automaticity and conduction in most patients. The The effect of propranolol on the estimated sinoatrial conduction time in seven of the ten patients in whom measurements could be obtained prior to and following drug administration was to significantly prolong the mean estimated sinoatrial conduction time from 179 to 213 msec. The limitations of the premature atrial stimulation technique in the estimation of the sinoatrial conduction time is based on studies conducted on isolated rabbit right atrial preparations2' and has been reviewed elsewhere.3 In essence, the value of the sinoatrial conduction time as determined by the premature atrial stimulation technique is determined by the intra-atrial conduction time, retrograde conduction time between the crista terminalis and sinus node, the sinus node return cycle and the conduction time back to the atrium. Changes in any of these variables could affect the estimation of the sinoatrial conduction time. 3 The estimation of the effect of propranolol on sinoatrial conduction is hampered by the fact that propranolol may prolong the relative refractory period of the sinus node and sinoatrial junction24, 25 as has been shown for the A-V node." Whether or not a prolongation of the relative refractory period of the sinus node and sinoatrial junction can explain the prolongation of SACT is uncertain, but it should be noted that the calculation of SACT is based on measurements of the differences between A2A3 and A,A, using APDs elicited between 658 and 815 msec (mean values) following A, suggesting that the relative refractory period would have to be markedly prolonged to delay retrograde conduction between the atrium and sinus node. In addition, propranolol may also depress sinus node automaticity and may change the value of sinus node return cycle as well as the spontaneous cycle length all of which may serve to affect the estimated SACT. 24, 26 Thus, the prolongation of the SACT could possibly be ascribed to variables other than changes in conduction time between the sinus node and the atrium. In light of present knowledge the changes in estimated SACT following propranolol are of uncertain significance.
Another factor to be considered in the evaluation of our data is our patient population. At present each of these patients would be classified as fulfilling one or more of the criteria of sick sinus syndrome.' The present descriptors of the syndrome, while adequate to identify a patient with sinus node dysfunction, do not permit a quantification of the severity of the syndrome. Until such a quantification is possible, it will be impossible to distinguish between a difference in patienL sensitivity to a pharmacologic agent and a difference in severity of dysfunction of the sinus node in the evaluation of results of such a pharmacologic study. It is of interest that of the four patients (#1,4,7,10) in whom propranolol caused an increase in the normalized value of the maximum escape cycle, three had spontaneous sinus pauses, SA block or sinus pauses during carotid sinus massage documented prior to electrophysiologic study.
Thus SUMMARY The Taussig-Bing group of hearts is that group in which the aorta emerges completely from the right ventricle, unrelated to the position of the ventricular septal defect (VSD), while the pulmonary trunk emerges at varying degrees from the right ventricle related to the location of the VSD. Several types of surgical procedures involve the VSD in these hearts. The conduction systems in six of these hearts were therefore studied.
The atrioventricular (A-V) bundle lies in the inferior (posterior) THERE IS A GROUP OF HEARTS in which the aorta emerges completely from the right ventricle, while the pulmonary trunk emerges either entirely from the right ventricle adjacent to a ventricular septal defect (VSD), or overrides a VSD arising in varying proportion from both ventricles. These have been called by us the Taussig-Bing group.' The importance of this group lies in the observation that the surgical treatment of all its members may be similar -that is the Hightower-Kirklin procedure2 or some other type of internal conduit procedure.3 In the former procedure the pulmonary trunk is made to emerge from the left ventricle utilizing the VSD, thereby creating a complete transposition. This is then followed by the Mustard procedure. In the latter procedures the aorta is made to emerge from the left ventricle by means of a conduit. It is self evident that to utilize these procedures a wall of the defect on the left side beneath the summit of the ventricular septum. In some cases, the bundle may be proximal to the defect, thus lying intramuscularly, and only the right and left bundle branches are related to the defect. The pattern of development of the atrioventricular (A-V) node, bundle and bundle branches is related primarily to the development of the endocardial cushions and posterior ventricular septum, and not to that of the absorption of the bulbus.
knowledge of the course of the conduction system is useful. An anatomic study of this system constitutes the essence of this paper.
Materials and Methods
In six Taussig-Bing hearts the sinoatrial (S-A) node, the approaches to the atrioventricular (A-V) node, the A-V node, the A-V bundle, and the bundle branches up to the level of the moderator band were serially sectioned in a manner previously described,8 with the exception of case 3. In the latter case, the sectioning was executed from the superior to the inferior wall of the defect. Every tenth section of the S-A node was retained, and every 5th section of the approaches to the A-V node, the A-V node, bundle and bundle branches. Consecutive sections were stained with hematoxylin-eosin, Weigert-van Gieson and Gomori trichrome stains. In such a manner a total of 442, 1452, 414, 508, 556, and 478 sections were studied in cases 1-6, respectively.
The electrocardiogram of none of the cases revealed evidence of second or third degree A-V block. Cases 2 and 3 revealed first degree A-V block and case 1, complete right bundle branch block (RBBB).
Findings Case 1 The patient was a 26-day-old male. Anatomic diagnosis was double outlet right ventricle with subpulmonic VSD, or right-sided Taussig-Bing heart with mild overriding ( fig. 1 ).
